Abstract -This talk will give an overview o/the most recent results on the realization ofnew quantum cascade laser devices and the perspective oftheir innovative applicationr in the mid-infrored range o/the spectrum.
For most of the applications where these sources are involved, one of the common requirements is to have them working on a single-mode, possibly with a high power and a good beam quality. Recently [4] a quantum cascade MOPA amplifier was demonstrated and used to obtain a high power single mode emission from a DFB-QC laser. The use of such a configuration allowed to obtain an output 0.5W of single-mode peak power at low temperatures and 0.25W at room temperature. The single mode operation was demonstrated with more than 30 dB of side mode suppression ratio and the combination of the DFB laser with the tapered amplifier lead to a reduction in the beam divergence down to 12deg. of FWHM in the lateral direction.
Aiming for higher degrees of miniaturization and integration, the use of a two dimensional photonic band-gap device allowed us to achieve surface emitting, microscopic devices with milliwatts of output power and a tunability of the laser wavelength depending on the dimensional parameters of the emitters in the laser arrays. We observed lasing action from hexagonal-symmetry hole pattemed photonic crystal devices based on an intersubband injection active region. The pattern of holes was etched into the semiconductor through the active region down into the substrate, in order to avoid light scattering from the bottom surface of the etched holes. On the other hand, the etching was kept shallow enough in order to prevent over-heating of the device with current injection. The trade-off between these two requirements was met using a surface-plasmon waveguide, where the active region lies directly underneath the top contact and the guided mode has its maximum at the metal-semiconductor interface. In the devices where the photonic band structure was well matched with the gain spectrum, narrow peaks in the electroluminescence spectra were observed and could be tuned by varying the hole diameter and the inter-hole spacing. In a significant fraction of the devices showing this enhanced vertical emission, lasing action was observed.
The laser wavelength could also be tuned with the device dimensions. Typically, among the multiple peaks observed 0-7803-7766-4103111 7.00 02003 IEllE IO in the sub-threshold spectra, the highest-energy one was the one showing line narrowing and eventually laser action at a threshold of about 4 kA/cmz. Far-field and polarization measurements allowed to unambiguously identify the lasing mode of the PBG structure and the agreement with theoretical predictions was very good.
